Introduction {#Sec1}
============

The 8 TeV proton--proton (*pp*) collision data delivered by the CERN Large Hadron Collider (LHC) represents a unique laboratory for precision measurements of the top-quark properties. One interesting feature of $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production is the difference in rapidity between top quarks and top antiquarks. In *pp* collisions, this distinct behaviour of top quarks and antiquarks is called the charge asymmetry, $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ \[defined in Eq. ([1](#Equ1){ref-type=""}) below\]. The Standard Model (SM) expectation computed at next-to-leading order (NLO) in quantum chromodynamics (QCD), including electroweak corrections, predicts $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ to be at the one percent level \[[@CR1]\]. Previous asymmetry measurements at the LHC by both the CMS and ATLAS collaborations based on the 7 TeV data, and by the CMS collaboration based on the 8 TeV data, do not report any significant deviation from the SM predictions \[[@CR2]--[@CR7]\]. Charge asymmetry measurements are largely limited by the size of the available data sample, and therefore the larger dataset recorded by the ATLAS detector at $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}$$\end{document}$ = 8 TeV allows for an improvement on the precision of the measurement from the $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}$$\end{document}$= 7 TeV dataset.
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                \begin{document}$$t\bar{t}$$\end{document}$ production is predicted to be symmetric under the exchange of top quark and antiquark at leading order (LO). At NLO, the process $\documentclass[12pt]{minimal}
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                \begin{document}$$q\bar{q}\rightarrow t\bar{t}g$$\end{document}$ develops an asymmetry in the top-quark rapidity distributions, due to interference between processes with initial- and final-state gluon emission. The interference between the Born and the NLO diagrams of the $\documentclass[12pt]{minimal}
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                \begin{document}$$q\bar{q}\rightarrow t\bar{t}$$\end{document}$ process also produces an asymmetry. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$qg\rightarrow t\bar{t} {}g$$\end{document}$ production process is also asymmetric, but its contribution is much smaller than that from $\documentclass[12pt]{minimal}
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                \begin{document}$$q\bar{q}$$\end{document}$ .
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                \begin{document}$$q\bar{q}$$\end{document}$ scattering processes in $\documentclass[12pt]{minimal}
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                \begin{document}$$p\bar{p}$$\end{document}$ collisions at the Tevatron, the direction of the incoming quark almost always coincides with that of the proton, and this knowledge of the direction of the incoming quarks allows one to define a direct measurement of the forward-backward asymmetry, $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\mathrm {FB}}$$\end{document}$ \[[@CR8]--[@CR11]\]. In *pp* collisions at the LHC, since the colliding beams are symmetric, it is not possible to use the direction of the incoming quark to define an asymmetry. However, valence quarks carry on average a larger fraction of the proton momentum than sea antiquarks, hence top quarks are more forward and top antiquarks are more central. Using this feature it is possible to define a forward--central asymmetry for the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production, referred to as the charge asymmetry, $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ \[[@CR8], [@CR12], [@CR13]\] :$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} A_{\text {C}}{} = \frac{N(\Delta {}|y|{}>0) - N(\Delta {}|y|{} <0)}{N(\Delta {}|y|{} >0) + N(\Delta {}|y|{} <0)}, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta {}|y|{} \equiv |y_t| - |y_{\bar{t}}| $$\end{document}$ is the difference between the absolute value of the top-quark rapidity $\documentclass[12pt]{minimal}
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                \begin{document}$$|y_t|$$\end{document}$ and the absolute value of the top-antiquark rapidity $\documentclass[12pt]{minimal}
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                \begin{document}$$|y_{\bar{t}}|$$\end{document}$. At the LHC, the dominant mechanism for $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production is the gluon fusion process, while production via the $\documentclass[12pt]{minimal}
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                \begin{document}$$q\bar{q}$$\end{document}$ or the *qg* interactions is small. Since $\documentclass[12pt]{minimal}
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                \begin{document}$${gg \rightarrow t\bar{t}}$$\end{document}$ processes are charge-symmetric, they only contribute to the denominator of Eq. ([1](#Equ1){ref-type=""}), thus diluting the asymmetry.

Several processes beyond the Standard Model (BSM) can alter $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ \[[@CR12], [@CR14]--[@CR25]\], either with anomalous vector or axial-vector couplings (e.g. axigluons) or via interference with SM processes. Different models also predict different asymmetries as a function of the invariant mass $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{t\bar{t} {}}$$\end{document}$, the transverse momentum $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T},t\bar{t} {}}$$\end{document}$ and the longitudinal boost $\documentclass[12pt]{minimal}
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                \begin{document}$$\beta _{z,t\bar{t} {}}$$\end{document}$ along the *z*-axis[1](#Fn1){ref-type="fn"} of the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ system \[[@CR26]\]. The interest in precisely measuring charge asymmetries in top-quark pair production at the LHC has grown after the CDF and D0 collaborations reported measurements of $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\mathrm {FB}}$$\end{document}$ that were significantly larger than the SM predictions, in both the inclusive and differential case as a function of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{t\bar{t} {}}$$\end{document}$ and of the rapidity of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}$$\end{document}$ system, $\documentclass[12pt]{minimal}
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                \begin{document}$$y_{t\bar{t} {}}$$\end{document}$ \[[@CR10], [@CR11], [@CR27]--[@CR30]\]. For the most general BSM scenarios \[[@CR31]\], the $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ measurements from the LHC are still compatible with the Tevatron results. However, for specific simple models \[[@CR20]\], tension still exists between the LHC and Tevatron results. This motivates the interest in a more precise measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production charge asymmetry at the LHC.

In this paper, a measurement of the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production charge asymmetry in the single-lepton final state is reported. To allow for comparisons with theory calculations, a Bayesian unfolding procedure is applied to account for distortions due to the acceptance and detector effects, leading to parton-level $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ measurements. The data sample at a centre-of-mass energy of 8 TeV, corresponding to an integrated luminosity of $\documentclass[12pt]{minimal}
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                \begin{document}$$20.3~\text{ fb }^{-1}$$\end{document}$ \[[@CR32]\], is used to measure $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ inclusively and differentially as a function of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{t\bar{t} {}}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T},t\bar{t} {}}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$\beta _{z,t\bar{t} {}}$$\end{document}$.

This paper is organised as follows. The ATLAS detector is introduced in Sect. [2](#Sec2){ref-type="sec"}, followed by the object reconstruction in Sect. [3](#Sec3){ref-type="sec"} and the event selection in Sect. [4](#Sec4){ref-type="sec"}. The signal and background modelling is described in Sect. [5](#Sec5){ref-type="sec"} and the procedure to measure $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}{}$$\end{document}$ in Sect. [6](#Sec10){ref-type="sec"}. Finally, the results are presented and interpreted in Sect. [7](#Sec19){ref-type="sec"}, followed by the conclusions in Sect. [8](#Sec23){ref-type="sec"}.

ATLAS detector {#Sec2}
==============

The ATLAS detector \[[@CR33]\] consists of the following main subsystems: an inner tracking system immersed in a 2 T magnetic field provided by a superconducting solenoid, electromagnetic (EM) and hadronic calorimeters, and a muon spectrometer incorporating three large superconducting toroid magnets composed of eight coils each. The inner detector (ID) is composed of three subsystems: the pixel detector, the semiconductor tracker and the transition radiation tracker. The ID provides tracking information in the pseudorapidity[2](#Fn2){ref-type="fn"} range $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.5$$\end{document}$, calorimeters measure energy deposits (clusters) for $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<4.9$$\end{document}$, and the muon spectrometer records tracks within $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.7$$\end{document}$. A three-level trigger system \[[@CR34]\] is used to select interesting events. It consists of a level-1 hardware trigger, reducing the event rate to at most 75 kHz, followed by two software-based trigger levels, collectively referred to as the high-level trigger, yielding a recorded event rate of approximately 400 Hz on average, depending on the data-taking conditions.

Object reconstruction {#Sec3}
=====================

This measurement makes use of reconstructed electrons, muons, jets, *b*-jets and missing transverse momentum. A brief summary of the main reconstruction and identification criteria applied for each of these objects is given below.

Electron candidates are reconstructed from clusters in the EM calorimeter that are matched to reconstructed tracks in the inner detector. They are required to have a transverse energy, $\documentclass[12pt]{minimal}
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                \begin{document}$$E_{\text {T}} $$\end{document}$, greater than $\documentclass[12pt]{minimal}
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                \begin{document}$$25~\mathrm GeV{}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta _{\mathrm cluster}| < 2.47$$\end{document}$, where $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta _{\mathrm cluster}$$\end{document}$ is the pseudorapidity of the electromagnetic energy cluster in the calorimeter with respect to the geometric centre of the detector. Candidates are required to satisfy the *tight* quality requirements \[[@CR35]\] and are excluded if reconstructed in the transition region between the barrel and endcap sections of the EM calorimeter, $\documentclass[12pt]{minimal}
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                \begin{document}$$1.37 < |\eta _{\mathrm cluster}| < 1.52$$\end{document}$. They are also required to originate less than 2 mm along the *z*-axis (longitudinal impact parameter) from the selected event primary vertex (PV)[3](#Fn3){ref-type="fn"} and to satisfy two isolation criteria. The first one is calorimeter-based and consists of a requirement on the transverse energy sum of cells within a cone of size $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta R = 0.2$$\end{document}$ around the electron direction. The second one is a track-based isolation requirement made on the track transverse momentum ($\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} $$\end{document}$) sum around the electron in a cone of size $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta R = 0.3$$\end{document}$. In both cases, the contribution from the electron itself is excluded and the isolation cuts are optimised to individually result in a 90 % efficiency for prompt electrons from $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\rightarrow e^+e^-$$\end{document}$ decays.

Muon candidates \[[@CR36], [@CR37]\] are reconstructed using the combined information from the muon spectrometer and the inner detector. They are required to satisfy $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}} > 25~\mathrm GeV{}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.5$$\end{document}$ and analogously to electrons, the muon track longitudinal impact parameter with respect to the PV is required to be less than 2 mm. Muons are required to satisfy a $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} $$\end{document}$-dependent track-based isolation: the scalar sum of the track $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} $$\end{document}$ within a cone of variable size around the muon, $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta R =10\,\mathrm GeV{}/p_{\text {T}} ^\mu $$\end{document}$ (excluding the muon track itself) must be less than 5 % of the muon $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} ^\mu $$\end{document}$), corresponding to a 97 % selection efficiency for prompt muons from $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\rightarrow \mu ^+\mu ^-$$\end{document}$ decays.

Jets are reconstructed with the anti-$\documentclass[12pt]{minimal}
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                \begin{document}$$k_t$$\end{document}$ algorithm \[[@CR38]--[@CR40]\] with a radius parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$R=0.4$$\end{document}$ from calibrated topological clusters \[[@CR33]\] built from energy deposits in the calorimeters. Prior to jet finding, a local cluster calibration scheme \[[@CR41], [@CR42]\] is applied to correct the topological cluster energies for the effects of the noncompensating response of the calorimeter, dead material and out-of-cluster leakage. The corrections are obtained from simulations of charged and neutral particles and validated with data. After energy calibration \[[@CR43]\], jets are required to have $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} > 25~\mathrm GeV{}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta | < 2.5$$\end{document}$. Jets from additional simultaneous *pp* interactions (pileup) are suppressed by requiring that the absolute value of the jet vertex fraction (JVF)[4](#Fn4){ref-type="fn"} for candidates with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}} <50~\mathrm GeV{}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.4$$\end{document}$ is above 0.5 \[[@CR44]\]. All high-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} $$\end{document}$ electrons are also reconstructed as jets, so the closest jet within $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta R=$$\end{document}$ 0.2 of a selected electron is discarded to avoid double counting of electrons as jets. Finally, if selected electrons or muons lie within $\documentclass[12pt]{minimal}
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Jets are identified as originating from the hadronisation of a *b*-quark (*b*-tagged) via an algorithm that uses multivariate techniques to combine information from the impact parameters of displaced tracks as well as topological properties of secondary and tertiary decay vertices reconstructed within the jet \[[@CR45], [@CR46]\]. The algorithm's operating point used for this measurement corresponds to 70 % efficiency to tag *b*-quark jets, a rejection factor for light-quark and gluon jets of $\documentclass[12pt]{minimal}
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The missing transverse momentum (with magnitude $\documentclass[12pt]{minimal}
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Event selection {#Sec4}
===============

Only events recorded with an isolated or non-isolated single-electron or single-muon trigger under stable beam conditions with all detector subsystems operational are considered.
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Events are required to have exactly one candidate electron or muon and at least four jets satisfying the quality and kinematic criteria discussed in Sect. [3](#Sec3){ref-type="sec"}. The selected lepton is required to match, with $\documentclass[12pt]{minimal}
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After the event selection, the main background is the production of *W*+jets events. Small contributions arise from multijet, single top quark, *Z*+jets and diboson (*WW*, *WZ*, *ZZ*) production. For events with exactly one (at least two) *b*-tagged jet(s), 216,465 (193,418) data events are observed, of which 68 % (89 %) are expected to be $\documentclass[12pt]{minimal}
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Signal and background modelling {#Sec5}
===============================

Monte Carlo simulated samples are used to model the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ decays. They also include simultaneous *pp* interactions (pile-up), generated using [Pythia]{.smallcaps} 8.1 \[[@CR51]\], and reweighted to the number of interactions per bunch crossing in data (on average 21 in 2012). Most of them are processed through a full [Geant4]{.smallcaps} \[[@CR52]\] simulation of the detector response \[[@CR53]\], and only the alternative $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}$$\end{document}$ samples described in Sect. [5.1](#Sec6){ref-type="sec"} are produced using the ATLAS fast simulation that employs parameterised showers in the calorimeters \[[@CR54]\]. Finally, the simulated events are reconstructed using the same software as the data. Further details on the modelling of the signal and each of the backgrounds are provided below.
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-------------------------------------------------------------------
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The alternative samples used to study the modelling of $\documentclass[12pt]{minimal}
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                \begin{document}$$\sigma _{t\bar{t}}= 253^{+13}_{-15}$$\end{document}$ pb calculated at next-to-next-to-leading order (NNLO) in QCD including resummation of next-to-next-to-leading logarithmic (NNLL) soft gluon terms with [Top++]{.smallcaps} v2.0 \[[@CR65]--[@CR71]\].

*W* / *Z*+jets background {#Sec7}
-------------------------

Samples of events with a *W* or *Z* boson produced in association with jets (*W* / *Z*+jets) are generated with up to five additional partons using the [Alpgen]{.smallcaps} (version 2.14) \[[@CR72]\] LO generator and the CTEQ6L1 PDF set, interfaced to [Pythia]{.smallcaps} (version 6.426) for parton showering and fragmentation. To avoid double counting of partonic configurations generated by both the matrix-element calculation and the parton shower, a parton--jet matching scheme ("MLM matching") \[[@CR73]\] is employed. The *W*+jets samples are generated separately for *W*+light-jets, $\documentclass[12pt]{minimal}
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The procedure to estimate the normalisation of the $\documentclass[12pt]{minimal}
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Multijet background {#Sec8}
-------------------

Multijet events can enter the selected data sample through several production and misreconstruction mechanisms. In the electron channel, the multijet background consists of non-prompt electrons from heavy-flavour decays or photon conversion or jets with a high fraction of their energy deposited in the EM calorimeter. In the muon channel, the background contributed by multijet events is predominantly due to final states with non-prompt muons, such as those from semileptonic *b*- or *c*-hadron decays. The multijet background normalisation and shape are estimated from data using the "Matrix Method" (MM) technique.

The MM exploits differences in the properties used for lepton identification between prompt, isolated leptons from *W* and *Z* boson decays (referred to as "real leptons") and those where the leptons are either non-isolated or result from the misidentification of photons or jets (referred to as "fake leptons"). For this purpose, two samples are defined after imposing the event selection described in Sect. [4](#Sec4){ref-type="sec"}, differing only in the lepton identification criteria: a "tight" sample and a "loose" sample, the former being a subset of the latter. The tight selection employs the final lepton identification criteria used in the analysis. For the loose selection, the lepton isolation requirements are omitted for both the muon and electron channels, and the quality requirements are also loosened for the electron channel. The method assumes that the number of selected events in each sample ($\documentclass[12pt]{minimal}
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Other backgrounds {#Sec9}
-----------------

Samples of single-top-quark backgrounds corresponding to the *t*-channel, *s*-channel and *Wt* production mechanisms are generated with [Powheg-Box]{.smallcaps} (version 3.0) \[[@CR77], [@CR78]\] using the CT10 PDF set. All samples are generated assuming a top-quark mass of $\documentclass[12pt]{minimal}
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Most of the diboson *WW* / *WZ* / *ZZ*+jets samples are generated using [Alpgen]{.smallcaps} (version 2.13), with up to three additional partons, and using the CTEQ6L1 PDF set, interfaced to [Herwig]{.smallcaps} and [Jimmy]{.smallcaps} (version 4.31) for parton showering, fragmentation and UE modelling. For the *WW*+jets samples, it is required that at least one of the *W* bosons decays leptonically, while for the *WZ* / *ZZ*+jets samples, it is demanded that at least one of the *Z* bosons decays leptonically. Additional samples of *WZ*+jets, requiring the *W* and *Z* bosons to decay leptonically and hadronically, respectively, are generated with up to three additional partons, including massive *b*- and *c*-quarks, using [Sherpa]{.smallcaps} v1.4.1 \[[@CR83]\] and the CT10 PDF set. All diboson samples are normalised to their NLO theoretical cross sections \[[@CR84]\].

Charge asymmetry measurement {#Sec10}
============================

To measure the charge asymmetry in top-quark pair events, the full $\documentclass[12pt]{minimal}
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----------------------------------------------------------------------
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In events with four or five jets, all jets are considered in the fit. For events where more than five jets are reconstructed, only the two jets with the highest likelihood to be *b*-jets, according to the multivariate selection (see Sect. [3](#Sec3){ref-type="sec"}), and, of the remaining jets, the three with the highest $\documentclass[12pt]{minimal}
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Unfolding {#Sec12}
---------
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The FBU method consists of the strict application of Bayesian inference to the problem of unfolding. This application can be stated in the following terms: given an observed spectrum $\documentclass[12pt]{minimal}
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The marginalisation approach provides a natural framework to treat simultaneously the unfolding and background estimation using multiple data regions. Given the distributions $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varvec{D}{}_i$$\end{document}$ measured in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N_{\text {ch}}$$\end{document}$ independent channels, the likelihood is extended to the product of likelihoods of each channel, so that$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \mathcal {L}\left( \{\varvec{D}{}_1\cdots {}\varvec{D}{}_{N_{\mathrm ch}}\}|\varvec{T}{}\right) = \int \prod _{i=1}^{N_{\mathrm ch}}\mathcal {L}\left( \varvec{D}{}_i|\varvec{T}{},\varvec{\theta {}}{}\right) \cdot {} \mathcal {N}(\varvec{\theta {}}{}) ~\mathrm {d}\varvec{\theta {}}{}, \end{aligned}$$\end{document}$$where the nuisance parameters are common to all analysis channels.

Systematic uncertainties {#Sec13}
------------------------

Several sources of systematic uncertainty are considered, which can affect the normalisation of signal and background and/or the shape of the relevant distributions. Individual sources of systematic uncertainty are considered to be uncorrelated. Correlations of a given systematic uncertainty with others are maintained across signal and background processes and channels. The following sections describe each of the systematic uncertainties considered in the analysis. Experimental uncertainties and background modelling uncertainties (Sects. [6.3.1](#Sec14){ref-type="sec"}, [6.3.2](#Sec15){ref-type="sec"}) are marginalised during the unfolding procedure, while signal modelling uncertainties, uncertainties due to Monte Carlo sample size, PDF uncertainties and unfolding response uncertainties (Sects. [6.3.3](#Sec16){ref-type="sec"}, [6.3.4](#Sec17){ref-type="sec"}) are added in quadrature to the unfolded uncertainty.

### Experimental uncertainties {#Sec14}

**Jet energy scale and resolution:** The jet energy scale (JES) and its uncertainty have been derived by combining information from test-beam data, LHC collision data and simulation \[[@CR43]\]. The jet energy scale uncertainty is split into 22 uncorrelated components which can have different jet $\documentclass[12pt]{minimal}
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**Heavy- and light-flavour tagging:** The efficiencies to tag jets from *b*-quarks, *c*-quarks, and light quarks are measured in data as a function of $\documentclass[12pt]{minimal}
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**Jet reconstruction and identification:** The uncertainty associated with the jet reconstruction efficiency is assessed by randomly removing 0.2 % of the jets with $\documentclass[12pt]{minimal}
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**Leptons:** Uncertainties associated with leptons affect the reconstruction, identification and trigger efficiencies, as well as the lepton momentum scale and resolution. They are estimated from $\documentclass[12pt]{minimal}
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                \begin{document}$$W\rightarrow e\nu $$\end{document}$ processes using techniques described in Refs. \[[@CR35], [@CR36], [@CR88]\]. The combined effect of all these uncertainties results in an overall normalisation uncertainty on the signal and background of approximately 1.5 %. Charge misidentification is not considered as it is small \[[@CR88]\] and has a negligible impact on the measurement.

**Missing transverse momentum:** The $\documentclass[12pt]{minimal}
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**Luminosity:** The uncertainty on the integrated luminosity is 2.8 %, affecting the overall normalisation of all processes estimated from MC simulation. It is derived following the methodology detailed in Ref. \[[@CR32]\]. The impact of this uncertainty is negligible in this measurement.

### Background modelling {#Sec15}

***W*** **+jets**: The predictions of normalisation and flavour composition of the *W*+jets background are affected by large uncertainties, but the in situ data-driven technique described in Sect. [5.2](#Sec7){ref-type="sec"} reduces these to a negligible level. All sources of uncertainty other than normalisation are propagated to the $\documentclass[12pt]{minimal}
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***Z*** **+jets**: Uncertainties affecting the modelling of the *Z*+jets background include a 5 % normalisation uncertainty from the theoretical NNLO cross section \[[@CR74]\], as well as an additional 24 % normalisation uncertainty added in quadrature for each additional inclusive jet-multiplicity bin, based on a comparison among different algorithms for merging LO matrix elements and parton showers \[[@CR89]\]. The normalisation uncertainties for *Z*+jets are described by three uncorrelated nuisance parameters corresponding to the three *b*-tag multiplicities considered in the analysis.

**Multijet background:** Uncertainties on the multijet background estimated via the Matrix Method receive contributions from the size of the data sample as well as from the uncertainty on $\documentclass[12pt]{minimal}
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                \begin{document}$$\epsilon _{\mathrm {fake}}$$\end{document}$, estimated in different control regions. A normalisation uncertainty of 50 % due to all these effects is assigned independently to the electron and muon channels and to each *b*-tag multiplicity, leading to a total of six uncorrelated uncertainties.

**Other physics backgrounds:** Uncertainties affecting the normalisation of the single-top-quark background include a +5 %/--4 % uncertainty on the total cross section estimated as a weighted average of the theoretical uncertainties on *t*-, *Wt*- and *s*-channel production \[[@CR80]--[@CR82]\]. Including an additional uncertainty in quadrature of 24 % per additional jet has a negligible impact on the measurement. Uncertainties on the diboson background normalisation include 5 % from the NLO theoretical cross sections \[[@CR84]\] added in quadrature to an uncertainty of 24 % due to the extrapolation to the high jet-multiplicity region, following the procedure described for *Z*+jets.

### Signal modelling {#Sec16}

In order to investigate the impact of uncertainties on the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ signal modelling, additional samples generated with [Powheg-Box]{.smallcaps} interfaced to [Herwig]{.smallcaps}, [Mc\@nlo]{.smallcaps} interfaced to [Herwig]{.smallcaps} and [AcerMC]{.smallcaps} interfaced to [Pythia]{.smallcaps} are considered (see Sect. [5.1](#Sec6){ref-type="sec"} for more details). Different predictions and response matrices built with those $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ samples are used to repeat the full analysis procedure isolating one effect at the time. For each case, the intrinsic asymmetry and the unfolded asymmetry are measured. The intrinsic asymmetry is the asymmetry generated in each Monte Carlo sample before the simulation of the detector response. Double differencees between the intrinsic (int) asymmetry and the unfolded (unf) values of the nominal (nom) and the alternative (alt) sample are considered as uncertainties to account for the different $\documentclass[12pt]{minimal}
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**NLO generator:** The uncertainty associated with the choice of NLO generator is estimated from the double difference of the parton-level $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ comparing [Powheg-Box]{.smallcaps} interfaced to [Herwig]{.smallcaps} (nom) and [Mc\@nlo]{.smallcaps} interfaced to [Herwig]{.smallcaps} (alt).

**Fragmentation model:** The uncertainty associated with the fragmentation model is estimated from the double difference of the parton-level $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\text {C}}$$\end{document}$ comparing [Powheg-Box]{.smallcaps} interfaced to [Pythia]{.smallcaps} (nom) and [Powheg-Box]{.smallcaps} interfaced to [Herwig]{.smallcaps} (alt).

**Initial- and final-state radiation (ISR/FSR):** The uncertainty associated with the ISR/FSR modelling is estimated using the [AcerMC]{.smallcaps} generator where the parameters of the generation were varied to be compatible with the results of a measurement of $\documentclass[12pt]{minimal}
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### Others {#Sec17}

**Monte Carlo sample size:** To assess the effect on the measurement of the limited number of Monte Carlo events, an ensemble of 1000 response matrices, each of them fluctuated according to the raw number of simulated events, is produced. Unfolding is repeated with the same pseudo-dataset for each fluctuated response matrix. The uncertainty is estimated as the standard deviation of the ensemble of the 1000 $\documentclass[12pt]{minimal}
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**PDF uncertainties:** The choice of PDF in simulation has a significant impact on the charge asymmetry of the simulated $\documentclass[12pt]{minimal}
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                \begin{document}$$W$$\end{document}$+jets prediction, the related uncertainty has to be estimated. The uncertainty on the PDFs is evaluated using three different PDF sets: CT10 \[[@CR58]\], MSTW 2008 \[[@CR91]\] and NNPDF2.1 \[[@CR92]\]. For each set, the PDFs are varied based on the uncertainties along each of the PDF eigenvectors. Each variation is applied by reweighting the $\documentclass[12pt]{minimal}
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**Unfolding response:** The response of the unfolding procedure, i.e. any non-linearity or bias, is determined using a set of six pseudo-datasets, each of them being composed of the default $\documentclass[12pt]{minimal}
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Measurement {#Sec18}
-----------

A fit is performed which maximises the extended likelihood of Eq. ([6](#Equ6){ref-type=""}). In this fit, the events are further separated based on the sign of the lepton charge $\documentclass[12pt]{minimal}
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The final numbers of expected and observed data events after the full event selection, marginalisation of nuisance parameters and *W*+jets in situ calibration are listed in Table [1](#Tab1){ref-type="table"}, while Fig. [2](#Fig2){ref-type="fig"} shows the good level of agreement between the data and expectation before and after marginalisation for the six channels. In both cases, the uncertainties that are marginalized are shown. Since these uncertainties are correlated for the background and signal components, the total combined marginalized uncertainty is smaller than the sum of the constituent parts.Table 1Observed number of data events compared to the expected number of signal events and different background contributions for different *b*-tagging multiplicities in the combined $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu {}$$\end{document}$+jets and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$e$$\end{document}$+jets channels. These yields are shown after marginalisation of the nuisance parameters and the in situ calibration of the *W*+jets background, and the marginalized uncertainties are shown. The marginalized uncertainties for each background and signal component are correlated, and the correlation is taken into account in their combinationChannel$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell {}+\text {jets}$$\end{document}$ 0-tag$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell {}+\text {jets}$$\end{document}$ 1-tag$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell {}+\text {jets}$$\end{document}$ 2-tagSingle top$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3400 \pm 400$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$12{,}100\pm 1300$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$8700\pm 900$$\end{document}$*W*+jets$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$173{,}000\pm 9000$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$45{,}000\pm 4000$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$8600\pm 700$$\end{document}$*Z*+jets$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$13{,}000\pm 6000$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3900\pm 2000$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1900\pm 900$$\end{document}$Diboson$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$8000\pm 4000$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2000\pm 900$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$400\pm 200$$\end{document}$Multijets$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$10{,}800\pm 3500$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$6300\pm 2000$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2200\pm 700$$\end{document}$Total background$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$208{,}500\pm 1300$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$69{,}600\pm 2600$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$21{,}800\pm 1300$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$33{,}900\pm 1200$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$146{,}900\pm 2700$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$171{,}600\pm 1500$$\end{document}$Total expected$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$242{,}400\pm 600$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$216{,}500\pm 500$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$193{,}400\pm 400$$\end{document}$Observed242,420216,465193,418

Results {#Sec19}
=======

Inclusive measurement {#Sec20}
---------------------
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Since the background estimation is part of the Bayesian inference procedure described in Sect. [6.2](#Sec12){ref-type="sec"}, it is not possible to study the impact of systematic uncertainties by repeating unfolding on data with varied templates, without using marginalisation. Instead, the expected impact of systematic uncertainties is studied with pseudo-data distributions corresponding to the sum of the background and signal predictions. For each source of uncertainty, the $\documentclass[12pt]{minimal}
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The precision of the measurement is limited by the statistical uncertainty, and the main sources of systematic uncertainty are the signal modelling and the uncertainties with a large impact on the size of the $\documentclass[12pt]{minimal}
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Differential measurements {#Sec21}
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The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$A_{\text {C}}$$\end{document}$ differential spectra are compared in Fig. [3](#Fig3){ref-type="fig"} with the theoretical SM predictions, as well as with BSM predictions for right-handed colour octets with low and high masses \[[@CR93]\]. The BSM predictions are not shown in the measurement as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T},t\bar{t} {}}$$\end{document}$ as they are LO $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2\rightarrow 2$$\end{document}$ calculations. The results are compatible with the SM, and it is not possible to distinguish between the SM and BSM models at this level of precision. The BSM models are tuned to be compatible with the Tevatron asymmetry measurements and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$A_{\text {C}}$$\end{document}$ measurements at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s}=7$$\end{document}$ TeV.Fig. 3Measured $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$A_{\text {C}}$$\end{document}$ values as a function of bin-averaged $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{t\bar{t} {}}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\beta _{z,t\bar{t} {}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T},t\bar{t} {}}$$\end{document}$, compared with predictions for SM \[[@CR1]\] and for right-handed colour octets with masses below the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$t\bar{t}$$\end{document}$ threshold and beyond the kinematic reach of current LHC searches \[[@CR93]\]. The BSM predictions are shown only for the *two top plots*. The bins are the same as the ones reported in Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}

Table 3Impact of individual sources of uncertainty on the measurement of $\documentclass[12pt]{minimal}
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The top-quark pair production charge asymmetry was measured with *pp* collisions at the LHC using an integrated luminosity of 20.3 $\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis coinciding with the axis of the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates (*r*,$\documentclass[12pt]{minimal}
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The method of selecting the PV is described in Sect. [4](#Sec4){ref-type="sec"}.

The jet vertex fraction is defined as the fraction of the total transverse momentum of the jet's associated tracks that is contributed by tracks from the PV.
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An erratum to this article is available at <https://doi.org/10.1140/epjc/s10052-017-5089-x>.
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